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A connector may include lead frame assemblies that each 
includes contacts arranged in a column. Differential signal 
pairs may be formed from contacts of adjacent lead frame 
assemblies. A contact of such differential signal pairs may be 
staggered along the lead frame assembly with respect to the 
other contact of the pair. Additionally, adjacent lead frame 
assemblies may be structurally identical but one of the lead 
frame assemblies may be rotated 1800 with respect to the 
adjacent lead frame assembly. A connector may include 
contacts that may be front loaded so that, after the connector 
is connected to a Substrate, individual contacts may be 
removed without removing the connector from the substrate. 
The connectors may be capable of being rotated 90° relative 
to one another such that they may be connected to opposite 
sides of a Substrate Such as a midplane. 
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ELECTRICAL CONNECTORS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is related by subject matter 
to U.S. patent application Ser. No. (not assigned) (Attorney 
Docket No. FCI-2977) filed on Mar. 3, 2006 and titled “Edge 
and Broadside Coupled Connector.” U.S. patent application 
Ser. No. (not assigned) (Attorney Docket No. FCI-2986) 
filed on Mar. 3, 2006 and titled “High-Density Orthogonal 
Connector,” and U.S. patent application Ser. No. (not 
assigned) (Attorney Docket No. FCI-2953) filed on Mar. 3, 
2006 and titled “Broadside-to-Edge-Coupling Connector 
System,” the contents of each of which are hereby incorpo 
rated by reference in their entireties. 

FIELD OF THE INVENTION 

0002 The invention generally relates to electrical con 
nectors and in particular to electrical connectors with 
improved characteristics. 

BACKGROUND 

0003. An electrical connector may include one or more 
lead frame assemblies. Each lead frame assembly may 
include a dielectric lead frame housing, and a plurality of 
electrical contacts extending through the housing. The con 
tacts in each lead frame assembly may form a linear array. 
Lead frame assemblies of alternative embodiments may 
include any number of contacts. 
0004 The contacts may be signal contacts or ground 
contacts. Signal contacts may be used for single-ended 
signal transmission. Two adjacent signal contacts may form 
a differential signal pair. Contacts may be arranged in linear 
arrays along an axis of the lead frame housing. Contacts may 
be arranged in any arrangement of signal contacts and 
ground contacts. For example, contacts may be arranged in 
signal-ground-signal-ground arrangement, signal-signal 
ground arrangement, or signal-signal-ground-ground 
arrangement. 

SUMMARY 

0005 The present invention generally relates to electrical 
connectors that operate above a 1.5 Gigabit/sec data rate, 
and preferably above 10 Gigabit/sec, such as at 250 to 30 
picosecond rise times. Crosstalk between differential signal 
pairs may be generally six percent or less. Impedance may 
about 100+10 Ohms. Alternatively, impedance may be about 
85+10 Ohms. There are preferably no shields between 
differential signal pairs. Air or plastic can be used as a 
dielectric material. Column pitch is about 1.5 mm or more, 
such as 2.0, 1.9, 1.8, 1.7, 1.6, 1.5, 2.1, 2.2, 2.5, 2.7, 2.8, 2.9, 
and 3.0 or more. Skew is minimized in the vertical connector 
configuration because the contact lengths are substantially 
equal. A connector according to the present invention may 
include lead frame assemblies that each includes contacts 
arranged in a column. The contacts may carry ground or 
single-ended or differential signal transmissions. Differential 
signal pairs may be formed from contacts of adjacent lead 
frame assemblies. A contact of Such differential signal pairs 
may be staggered along the lead frame assembly with 
respect to the other contact of the pair. Additionally, adjacent 
lead frame assemblies may be structurally identical but one 
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of the lead frame assemblies may be rotated 180° with 
respect to the adjacent lead frame assembly. The contacts of 
the lead frame assemblies may be spaced apart from each 
other such that the spacing between contacts of each differ 
ential signal pair is equal to such spacing of the other 
differential signal pairs. Additionally, the spacing between 
differential signal pairs may be equal within the lead frame 
assembly, and the spacing between differential signal pairs 
may be equal to the spacing between contacts of a differ 
ential signal pair. 
0006 The connector may be connected to a second 
connector that includes contacts that may be stitched into a 
connector body and may be front loaded so that, after the 
second connector is connected to a Substrate, whether by 
press-fit or solder, individual contacts may be removed from 
the second connector without removing the second connec 
tor from the substrate. 

0007. The connectors may be capable of being rotated 
90° relative to one another and connected to opposite sides 
of a Substrate Such as a midplane. In this way, two orthogo 
nal daughtercards may be connected to a Substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1A is a perspective front view of an example 
embodiment of an electrical connector. 

0009 FIG. 1B is a partial view of the example connector 
in the area of the mating end of a contact. 
0010 FIG. 2 is a perspective back view of the example 
COnnectOr. 

0011 FIGS. 3A and 3B are, respectively, right and left 
perspective views of paired lead frame assemblies being 
inserted into a housing. 
0012 FIG. 3C is a perspective view of the paired assem 
blies inserted into a connector housing. 
0013 FIG. 4A is a perspective view of paired lead frame 
assemblies. 

0014 FIGS. 4B and 4C are, respectively, a perspective 
and a side view of contacts of the paired assemblies shown 
in FIG. 4A. 

0.015 FIGS. 5A and 5B, respectively, are perspective 
outside and inside views of a lead frame assembly. 
0016 FIG.5C is a perspective view of contacts 110 of the 
lead frame assembly shown in FIGS.5A-5B without the lead 
frame body. 
0017 FIGS. 6A and 6B are side views of alternative 
COntactS. 

0018 FIG. 7 is a perspective view of connectors being 
connected to each other. 

0.019 FIGS. 8A and 8B are perspective views of respec 
tively, front and back sides of a connector. 
0020 FIGS. 9 and 10 are, respectively, a perspective and 
a side view of connectors connected orthogonally to a 
substrate. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0021 FIG. 1A is a perspective front view of an example 
embodiment of an electrical connector 100. The electrical 
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connector 100 may operate above a 1.5 Gigabit/sec data rate, 
and preferably above 10 Gigabit/sec, such as at 250 to 30 
picosecond rise times. Crosstalk between differential signal 
pairs of the connector 100 may be generally six percent or 
less. Impedance may about 100+10 Ohms. Alternatively, 
impedance may be about 85+10 Ohms. There are preferably 
no shields between differential signal pairs. 
0022 Air or plastic can be used as a dielectric material. 
Column pitch is about 1.5 mm or more, such as 2.0, 1.9, 1.8, 
1.7, 1.6, 1.5, 2.1, 2.2, 2.5, 2.7, 2.8, 2.9, and 3.0 or more. The 
electrical connector 100 may include one or more lead frame 
assemblies 130A, 130B and a housing 140. A connector may 
include any number of lead frame assemblies 130A, 130B, 
and the example connector 100 includes, for purposes of 
example, six lead frame assemblies 130A, 130B. The lead 
frame assemblies 130A, 130B may be evenly spaced within 
a connector consistent with alternative embodiments. In the 
example connector 100, the lead frame assemblies are 
grouped into pairs such that two lead frame assemblies 
130A, 130B abut each other. Paired lead frame assemblies 
130A, 130B may be spaced apart by a space 160 from other 
paired lead frame assemblies. In this way, the connector 100 
may be devoid of any ground planes or shields extending 
between the lead frame assemblies 130A, 130B or may be 
devoid of any ground planes, shields, or ground contacts 
within the connector 100. 

0023. Each lead frame assembly 130A, 130B may 
include contacts 110 extending in the housing 140. The 
contacts 110 in each lead frame assembly 130A, 130B may 
form a linear array or a contact column extending in a 
direction indicated by arrow 1. Lead frame assemblies of 
alternative embodiments may include any number of con 
tacts. In the example connector 100, each linear array 
includes three contacts 110A, 110B, 110C. The contacts 110 
may be used for single-ended signal transmission. In Such a 
case, for example, the contacts 110C and 10B in a lead frame 
assembly 130B may be signal conductors and the contacts 
110A and 110B in lead frame assembly 130A may be a 
ground contacts. The contacts 110, alternatively, may be 
used for differential signal transmission. For example, the 
contact 110A in the lead frame assembly 130A and the 
contact 110C in the lead frame assembly 130B may form the 
first of three differential signal pairs along the arrow 1 
direction. Alternatively, contacts 110B in leadframe assem 
blies 130A, 130B may be grounds. Other contact arrange 
ments are envisioned. 

0024. In the example connector 100, contact 110A in 
leadframe 130A may be paired with contact 110C of an 
adjacent lead frame assembly 130B rather than with contact 
110B within the same lead frame assembly 130A. Thus, as 
shown by the circled contacts 110(1), 110(2) in FIG. 1A, the 
contact 110(1) of one lead frame assembly 130 may form a 
differential signal pair with the contact 110(2) of an adjacent 
lead frame assembly 130. In such an embodiment, the lead 
frame assembly 130 may be devoid of ground contacts. In 
the embodiments, contacts forming differential signal pairs 
each may be the same distance in the direction indicated by 
the arrow 1 from a top edge of the connector housing 140. 
That is, contacts forming a differential signal pair may be 
even with each other or not offset relative to one another in 
the direction in which the lead frame assembly 130 extends 
(i.e., in the direction indicated by the arrow 1). As shown in 
FIG. 1A, the contact 110(2) alternatively may be spaced 
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from contact 110(1) in the direction indicated by arrow 1 and 
offset in the direction indicated by the arrow 2 relative to the 
contact 110(1). Such offsetting may enable a smaller 
“pitch' or distance between the contacts 110(1) and 
110(2) in a direction indicated by the arrow 2, that is, in a 
direction perpendicular to the direction in which the lead 
frame assemblies 130 extend. In one embodiment of the 
invention, such a pitch may be about 1.3 mm or less if plastic 
is used as a dielectric material. The pitch may be Smaller in 
a1. 

0025 The contacts 110 may extend from the lead frame 
assemblies 130 into the housing 140 toward a mating side 
141 of the connector 100. The contacts 110 may be exposed 
by apertures 145 in the housing 140. The apertures 145 may 
be defined in the housing 140 by surfaces or walls 146, 147. 
148, 149. While the apertures 145 are shown as rectangles, 
they may be any shape. Additionally, the apertures 145 may 
be sized based on the size of the contacts 110 as well as the 
size of contacts that may be inserted into the apertures 145 
to mate with the contacts 110. The walls 146, 147,148, 149 
may be tapered to provide a “lead-in' surface, helping to 
guide contacts of an electrical connector mating with the 
electrical connector 100 into the apertures 145 to mate with 
the contacts 110. The placement of the apertures 145 may be 
based on the location of the contacts 110 within the lead 
frame assemblies 130. 

0026. As shown in FIG. 1A and as shown in greater detail 
in FIG. 1B, the contacts 110 may include a mating end 110M 
that may be bent, for example, in a direction parallel to the 
direction indicated by the arrow 2. The mating ends 110M of 
the contacts 110 may be bent to provide a lead-in surface, 
aiding in guiding a mating contact of another connector as 
the other connector is connected to the connector 100. 
Alternatively, the contacts may be straight with no bending 
or may be bent in any appropriate orientation. To minimize 
wipe distance, the bend is preferably as close to the mating 
end of the contact as possible. 

0027. Within each aperture 145 may be a block 143. The 
block 143 may protrude from a side wall 146, 148 of the 
aperture 145. The wall 146, 147, 148, 149 from which the 
block protrudes may depend on the design characteristics of 
the connector 100, such as the direction in which the mating 
ends 110M of the contacts 110 may be bent. As a contact 110 
is inserted into the aperture 145, the contact 110 may flex 
slightly as the portion of the contact behind the mating end 
110M rides against the block 143. When fully inserted, the 
mating ends 100M of the contacts may touch or may be 
spaced slightly away from the wall 146 of the aperture 145. 
The contacts 110 may be retained at a rear end, and are 
cantilevered from the retention point to provide normal force 
against a mating contact. As shown in FIGS. 1A and 1B, the 
mating ends 100M may deflect away from the wall 146 
when a mating contact (not shown) is inserted into the 
aperture 145. 

0028. The lead frame assemblies 130A, 130B may be 
paired Such that, for example, a first lead frame assembly 
130A abuts a second lead frame assembly 130B. The lead 
frame assemblies 130A, 130B may be structurally identical 
for a vertical configuration and different for a right angle 
configuration. For example, each lead frame assembly 130 
may include contacts 110 in identical orientations (e.g., 
mating end 110M bending in the same direction) with 
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identical spacing between the contacts 110 of the lead frame 
assembly (such as the lead frame assembly 130A). For 
example, the lead frame assembly 130A may include con 
tacts 110A, 110B, 110C forming a linear array with a spacing 
S 1 between each of the contacts 110 in the linear array. The 
lead frame assembly 130B may also include contacts 110A, 
110B, 110C with a spacing S1 between each of the contacts 
110 in the linear array. The lead frame assembly 130B, 
however, may be rotated 180° around an axis A with respect 
to the lead frame assembly 130A with which it is paired. 
0029. In the connector 100, therefore, the contact 110A of 
the lead frame assembly 130A may be paired with the 
contact 110C of the lead frame assembly 130B. The contacts 
110B of each lead frame assembly 130A, 130B may be 
paired together. Finally, the contact 110C of the lead frame 
assembly 130A may be paired with the contact 110A of the 
lead frame assembly 130B. Such a configuration addition 
ally may result in the spacing S2 between contacts 110 of a 
differential signal pair to be the same as the spacing S3 
between adjacent differential signal pairs. S3 may also be 
larger than S2. 
0030) The mating ends 110M of the contacts 110 may be 
retained wholly within the housing 140 or may extend so 
that each is flush with the mating side 141 of the housing 
140. In this way, the connector 100 may be connected to a 
Substrate through use of flat rock application tooling. That is, 
a flat rock tool may be pressed against the mating side 141 
of the connector 100 and towards a substrate to which the 
connector 100 may be connected. The pressure may be 
applied generally within a middle portion of the mating side 
141 or along the mating side to connect the connector 100. 
Thus, no special tooling may be required to connect the 
connector 100. 

0031 FIG. 2 is a perspective back view of the example 
connector 100. The lead frame assemblies 130 may be 
paired with the space 160 between the pairs of lead frame 
assemblies 130A, 130B. The contacts 110 may be insert 
molded as part of a lead frame body 131 of the lead frame 
assemblies 130 and may include terminal ends 110T extend 
ing from the lead frame bodies 131. The terminal ends 110T 
may be for electrically connecting to a substrate such as a 
printed circuit board. The terminal ends 110T may be for 
press-fit engagement with the Substrate. Alternatively, the 
terminal ends 110T may be soldered to the substrate or 
connected by any other appropriate method, such as a 
pressure mount. 

0032. As described herein, the lead frame assemblies 130 
of the connector 100 may be structurally the same. Each lead 
frame assembly 130 may include contacts 110 having ter 
minal ends 110T in identical orientation, including identical 
spacing between the contacts 110 of the lead frame assem 
blies 130. For example, the lead frame assembly 130A may 
include contacts 110A, 110B, 110C forming a linear array 
with a spacing S1 between each of the contacts 110 in the 
linear array. The lead frame assembly 130B may also 
include contacts 110A, 110B, 110C with a spacing S1 
between each of the contacts 110 in the linear array. The lead 
frame assembly 130B, however, may be rotated 180° around 
an axis A with respect to the lead frame assembly 130A with 
which it is paired. 
0033. The contact 110A of the lead frame assembly 130A 
may be paired with the contact 110C of the lead frame 
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assembly 130B. The contacts 110B of each lead frame 
assembly 130A, 130B may be paired together. Finally, the 
contact 110C of the lead frame assembly 130A may be 
paired with the contact 110A of the lead frame assembly 
130B. Such a configuration additionally may result in the 
spacing S2 between contacts 110 of a differential signal pair 
to be the same as the spacing S3 between adjacent differ 
ential signal pairs. Alternatively, the spacing between con 
tacts in a differential signal pair may be less than the spacing 
between differential signal pairs. 
0034) Referring to FIG. 4A, the contacts 110A, 110B, 
110C may be insert molded within the lead frame bodies 
131, and a shoulder 110TS where the contacts 110 protrude 
from the lead frame body 131 may be exposed. The shoul 
ders 110TS may be electrically coupled in the absence of 
grounds or shields. 
0035. The lead frame assemblies 130 may include stand 
offs 144 protruding from the lead frame body 131. The 
stand-offs 144 may protrude in a direction parallel to that in 
which the terminal ends 110T extend from the lead frame 
bodies 131. The stand-offs 144 may be located in any 
appropriate orientation and in the example embodiment of 
FIG. 2, the stand-offs 144 are adjacent to the terminal ends 
110T of the contacts 110. The stand-offs 144 on each lead 
frame assembly 130 may be located in the same locations as 
the stand-offs 144 on the other lead frame assemblies 130. 
The stand-offs 144 may aid in uniformly connecting the 
electrical connector 100 to a substrate. 

0036) A space 160 may be created between the pairs of 
lead frame assemblies 130. Such a space may enable the 
connector 100 to be connected to a substrate while providing 
an area for trace routing. 
0037 FIGS. 3A and 3B are, respectively, right and left 
perspective views of one set of paired lead frame assemblies 
130A, 130B being inserted into the housing 140. FIG. 3C is 
a perspective view of the paired lead frame assemblies 
130A, 130B inserted into the housing 140. The contacts 110 
may be inserted into the apertures 145 of the housing 140, 
where a contact portion of the mating ends 110M of the 
contacts 110 may abut the block 143 as the contacts 110 are 
inserted into the housing 140 and as the lead frame assembly 
130 is attached to the housing 140. 
0038 FIG. 4A is a perspective view of the paired lead 
frame assemblies 130A, 130B. FIG. 4B is a perspective view 
of the contacts 110 as shown in FIG. 4A but without the lead 
frame bodies 131 of the lead frame assemblies 130A, 130B. 
FIG. 4C is a side view of the contacts 110 of the paired lead 
frame assemblies 130A, 130B. The contacts 110A, 110B, 
110C of the lead frame assembly 130A may be paired, 
respectively, with the contacts 110C, 110B, 110A of the lead 
frame assembly 130B. 
0039 The contacts may include a mating end 10M, a 
terminal end 110T and a body portion 110B between the 
mating end 110M and the terminal end 110T. The body 
portion 172 may extend from the mating end 110M to the 
terminal end 110T or, alternatively, may extend between a 
mating member 171 and a terminal member 173 that extend 
in a direction perpendicular to the direction in which the 
body portion 172 extends. The mating end 110M may extend 
from the mating member 171 in a direction parallel to the 
body portion 172. Likewise, the terminal end 110T may 
extend from the terminal member 173 in a direction parallel 
to the body portion 172. 
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0040. The contacts 110 may be placed in or molded 
within the lead frame body 131 of the lead frame assembly 
130 such that the body portions 172 of contacts 110 in a 
differential signal pair, such as the contacts 110A, 110C, are 
partially or fully coincident. That is, the body portions 172 
of the contacts 110A, 110C that form a differential signal 
pair may overlap in a direction indicated by the arrow Y in 
FIG. 4C. In a preferred embodiment, the differential signal 
pair contacts 110 are not overlapped. However, the body 
portions 172 may overlap partially or completely such that, 
in the side view of FIG. 4C, the distance W is the width of 
one body portion 172. Alternatively, the distance W may be 
the width of the body portion 172 of the contact 110A plus 
the width of the body portion 172 of the contact 110C. 
0041 FIGS. 5A and 5B, respectively, are perspective 
outside and inside views of a lead frame assembly 130. FIG. 
5C is a perspective view of contacts 110 of the lead frame 
assembly 130 shown in FIG.5A without the lead frame body 
131. The lead frame body 131 of the lead frame assembly 
130 may include surface features such as protrusions 142 
and indentations 132. The protrusions 142 may extend from 
a surface 139 of the lead frame body 131 and the indenta 
tions 132 may be molded into or otherwise formed into the 
surface 139 of the lead frame body 131. The protrusions 142 
and indentations 132 may include complementary shapes 
and sizes such that each protrusion 142 may be received 
fully or partially in an indentation 132. 

0042. The protrusions 142 and indentations 132 for each 
lead frame body 131 or each lead frame assembly 130 may 
be in the same location as the protrusions 142 and indenta 
tions 132 of each of every other lead frame body 131 or lead 
frame assembly 130. The protrusions 142 and indentations 
132 additionally may be located such that, when a first lead 
frame assembly 130A is paired with a second lead frame 
assembly 130B, the protrusions 142 of a first lead frame 
assembly 130A will be received in the indentations 132 of a 
second lead frame assembly 130B. Likewise, the indenta 
tions of the first lead frame assembly 130A will receive the 
protrusions 142 of the second lead frame assembly 130B. 
When a lead frame assembly 130 is mated with an identical 
lead frame assembly 130, the protrusions 142 and indenta 
tions 132 are located such that the pairs of lead frame 
assemblies 130 may be formed without requiring two types 
of lead frame assemblies 130. 

0043. As well as extending in a direction to be received 
in the indentations 132, the protrusions 142 may include 
respective stand-offs 144 that extend in a direction parallel 
to the terminal ends 110T of the contacts 110. As described 
herein, the stand-offs may protect the lead frame assembly 
130, the connector 100, and the substrate to which the 
connector 100 is connected by ensuring that the terminal 
ends 110T extend a uniform distance for connecting to the 
substrate. 

0044) The contacts 110 may be arranged within the lead 
frame body 131 such that the contact 110A is spaced a 
distance D1 from a top edge 131TE shown in FIG. 5A. The 
contact 110C may be spaced a distance D2 from a bottom 
edge 131BE of the lead frame body 131. Additionally, the 
contact 110A may be spaced from the contact 110B by a 
spacing S1. Likewise, the contact 110B may be spaced from 
the contact 110C by the spacing S1. With this configuration, 
when the lead frame assembly 130 is rotated 180° and is 
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mated with a second lead frame assembly 130 as shown in, 
for example, FIG. 4A, the contacts 110A may be offset from 
the contacts 110C and the contacts 110B of each lead frame 
assembly 130 may be offset from each other. 

0045. The contacts 110 may include a mating end 110M 
and a terminal end 110T. The mating end 110M may be 
forked. That is, the mating end 110T may include two 
separate mating portions 110M1, 110M2. The mating por 
tions 10M1, 110M2 may extend in a direction parallel to the 
mating end 110M. Such a forked arrangement may aid in 
providing maximal electrical connectivity between the con 
tact 110 and a respective mating contact of a second con 
nector to which the connector 100 is connected. The mating 
portions 110M1, 110M2 each may abut a mating contact of 
a second connector, thus providing two Surfaces that may 
conduct electricity. In this way, the mating portions 110M1, 
110M2, may be bent or deflected independent of each other, 
which may help promote good connectivity. In alternative 
embodiments, the mating end 110T may be a single Surface 
for connecting to a contact of a second connector. 
0046) The mating portions 110M1, 110M2 additionally 
may be bent in a direction to provide a lead in surface for 
mating with a contact of a second connector, thus promoting 
conductivity. As shown in FIGS. 5A-5C, the contact 110 
may generally extend along a direction indicated by the 
arrow X, and the mating portions 110M1, 110M2 may 
generally be bent in a direction indicated by the arrow Y 
such that the mating portions 110M1, 110M2 are at an angle 
to the direction in which the contact 110 generally extends. 
The X direction may be the direction that the terminal end 
110T and the mating end 110M may generally extend, 
except where the mating end 110M is bent to provide the 
lead-in surface. The mating end 10M of the contact 110 may 
be bent at approximately point 175 to increase connectivity. 
Such bending may help ensure connection with a contact of 
a second connector as this second bending may help extend 
conductive Surfaces in a direction indicated by an arrow Z. 
0047 The contact 110, including the mating end 110M 
and the terminal end 110T may extend generally in the 
direction in which the contact 110 generally extends (e.g., 
the X direction). A body portion 172 may extend between 
the two ends 10M, 110T and may help define a length of the 
contact 110. The body portion 172 may terminate at one end 
at a mating member 171 and, at the opposite end, at a 
terminal member 173. The mating and terminal members 
171, 173, may extend in a direction perpendicular to the 
direction in which the body portion 172 extends (that is, in 
a direction perpendicular to the X direction). From the 
mating member 171, the mating end 110M may extend. 
From the terminal member 173 the terminal end may extend. 
The mating end 110M and the terminal end 110T may extend 
in the X direction. 

0.048. With the lead frame assemblies 130, the connector 
100 may be used as a mezzanine connector and may be used 
to connect, for example, parallel Substrates. In alternative 
embodiments, a connector may be used for back panel 
connections as well as coplanar connection of Substrates. 
FIGS. 6A and 6B are side views of alternative contacts 310, 
410 that may be used in right angle connectors. That is, the 
contacts 310, 410 may be molded as part of lead frame 
bodies to form lead frame assemblies in a right-angle 
configuration. 
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0049. The contact 310, including the mating end 310M 
and the terminal end 310T may extend generally in orthogo 
nal directions relative to one another, as indicated by the X 
and Yarrows, respectively, in FIG. 6A. A body portion 372 
may extend in the Y direction between the terminal end 
310T and a body portion 373. The body portion 372 may 
terminate at a terminal member 371. The terminal member 
371 may extend in the X direction orthogonal to the direc 
tion that the body portion 372 extends, and the terminal end 
310T may extend from the terminal member 371 in the 
direction in which the body portion 372 extends. 
0050. The body portion 373 may extend in the X direc 
tion between the body portion 372 and the mating end 
310M. The body portion 373 may terminate at the mating 
member 374, which may extend in the Y direction perpen 
dicular to the direction in which the body portion 373 
extends. The mating end 310M may extend in the direction 
that the body portion 373 may extend and may be perpen 
dicular to the direction that the mating member 374 extends. 
The contacts 310 may include a mating end 310M and a 
terminal end 310T. The mating end 310M may be forked. 
That is, the mating end 310T may include two separate 
mating portions 310M1, 310M2. The mating portions 
310M1, 310M2 may extend in a direction parallel to the 
mating end 310M. Such a forked arrangement may help 
promote electrical connectivity between the contact 310 and 
a respective mating contact of a second connector. The 
mating portions 310M1, 310M2 each may abut a mating 
contact of a second connector, thus providing two surfaces 
that may conduct electricity. In alternative embodiments, the 
mating end 310M may be a single surface. 
0051) The mating portions 310M1, 310M2 additionally 
may be bent in a direction to provide a lead in surface for 
mating with a contact of a second connector, thus promoting 
conductivity. For example, the mating portions 310M1, 
310M2 may generally be bent in a direction indicated by the 
arrow Z at a point 375. 
0.052 The contact 410, including the mating end 410M 
and the terminal end 410T may extend generally in direc 
tions indicated by the arrows the X and Yin FIG. 6B. Abody 
portion 472 may extend in the Y direction between the 
terminal end 410T and a body portion 473. The body portion 
472 may terminate at a perpendicular extension 471. The 
perpendicular extension 471 may extend in a direction 
perpendicular to the body portion (e.g., in the X direction), 
and the terminal end 410T may extend from the perpen 
dicular extension 471 in the direction in which the body 
portion 472 extends (e.g., the Y direction). 
0053) The body portion 473 may extend in a direction 
orthogonal to the body portion 472 (e.g., in the X direction) 
between the body portion 472 and the mating end 410M. The 
body portion 473 may terminate at the perpendicular exten 
sion 474, which may extend in the Y direction perpendicular 
to the body portion 473. The mating end 410M may extend 
in the direction that the body portion 473 extends (e.g., in the 
X direction) from the perpendicular extension 474. The 
contacts 410 may include a mating end 410M and a terminal 
end 410T. The mating end 410M may be forked. That is, the 
mating end 410T may include two separate mating portions 
410M1, 410M2. The mating portions 410M1, 410M2 may 
extend in a direction parallel to the mating end 410M. In 
alternative embodiments, the mating end 410M may be a 
single Surface. 
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0054) The mating portions 410M1, 410M2 additionally 
may be bent in a direction indicated by the arrow Z. The 
mating end 410M of the contact 410 additionally may be 
bent such as at approximately point 475. 
0.055 FIG. 7 is a perspective view of the connector 100 
and a connector 200 being connected to each other. The 
connector 100 may be the connector described in FIGS. 
1-5C. The connector 200 may include contacts 210 extend 
ing through a connector body 205. Mating ends of the 
contacts 210 may be located within the connector body 205 
to mate with contacts 110 of the connector 100 through 
apertures 145 of the housing 140. In this way, a substrate 
connected to the terminal ends 10T of the contacts 110 of the 
connector 100 may be connected to a substrate connected to 
terminal ends 210T of the contacts 210 of the connector 200. 

0056 FIGS. 8A and 8B are perspective views of respec 
tively, front and back sides of the connector 200. The 
connector 200 may include contacts 210A, 210B, 210C 
extending through a connector body 205. The contacts 210 
may form linear arrays or contact columns extending in a 
direction indicated by arrow 1. In the example connector 
200, each linear array includes three contacts 210A, 210B. 
210C. The contacts 210 may be used for single-ended signal 
transmission. In Such a case, for example, the contacts 210A, 
210C in a linear array 230A may be signal conductors and 
the contact 210B may be a ground contact. In a preferred 
embodiment, contacts 210A, 210C in respective arrays 
230A, 230B may form differential signal pairs. Additionally, 
contacts 210B, 210B of respective arrays 230A, 230B may 
form differential signal pairs. Alternatively, contacts 210B. 
210B of respective arrays 230A, 230B may be ground 
contacts. In another example, contacts 210A, 210B in a 
linear array 230A may form a differential signal pair, and the 
contact 210C in the array 230A may be a ground. 
0057. In the example connector 200, the contacts 210 
may be paired with contacts 210 of an adjacent linear array 
rather than with contacts 210 within the same linear array. In 
such an embodiment, the connector 200 may be devoid of 
ground contacts. In a preferred embodiment, contacts form 
ing differential signal pairs each may be the same distance 
in the direction indicated by the arrow 1 from a top edge of 
the connector body 205. That is, contacts forming a differ 
ential signal pair may be even with each other or not offset 
relative to one another in the direction indicated by arrow 1. 
Alternatively, as shown in FIGS. 8A and 8B, the contact 
210A in the array 230A and the contact 210C in the array 
230B may be spaced apart in the direction indicated by 
arrow 2 and offset in the direction indicated by the arrow 1. 
Such offsetting may enable a smaller “pitch' or distance— 
between the contacts 210 within a differential signal pair in 
a direction indicated by the arrow 2, that is, in a direction 
perpendicular to the direction in which the arrays extend. In 
one embodiment of the invention, Such a pitch may be about 
1.3 to 2.6 mm in plastic, and Smaller pitches in air. 
0.058. In the connector 200, the contacts 210A of a linear 
array 230A extending in the direction indicated by the arrow 
1 may be paired with the contact 210C of an adjacent linear 
array 230B. The contacts 210B of each of the adjacent linear 
arrays 230A, 230B may be paired together. Finally, the 
contact 210C of the linear array 230A may be paired with the 
contact 210A of the linear array 230A. 
0059) The mating ends 210M of the contacts 210 may be 
any appropriate shape to mate with contacts Such as the 
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mating ends 110M of the contacts 110 of the connector 100. 
The contacts may generally be rectangular, round, square or 
any other suitable shape. The mating ends 210M of the 
contacts 210 may include a ramped surface 210R that 
provides a complementary lead-in Surface to the mating end 
10M of respective contacts 110. To form the ramped surface, 
the mating end 210M of the contact 210 may be cut from a 
sheet of conductive material at an angle, resulting in a first 
side 210S1 being slightly shorter than an opposing side 
210S2 of each contact. The first sides 210S1 within a pair of 
contacts 210 may be oriented towards each other as appro 
priate to provide a lead in Surface that is appropriate for the 
configuration of respective contacts 110 of the connector 
1OO. 

0060. The contacts may include shoulders 210MS, 
210TS at each surface of the connector body 205. Thus, the 
contacts 210 may be wider where the contact 210 extends 
through the connector body 205 in comparison to the mating 
end 210M or terminal end 210T. The contacts 210 may be 
assembled as part of the connector body 205. Alternatively, 
the contacts 210 may be stitched or inserted into apertures 
formed in the connector body 205. The apertures and 
contacts 210 may be sized to provide an interference fit so 
that the contact 210 is appropriately secured within the 
connector body 205. 

0061 The contacts 210 additionally may be front loaded. 
In this way, the contacts 210 may be inserted with the mating 
end 210M being inserted into an aperture in the connector 
body 205 until a midportion of the contact 210 between the 
shoulders 210MS, 210TS is held in the connector body 205. 
If after the connector 210 is attached to a substrate, a contact 
210 is damaged (e.g., bent or broken), the contact may be 
removed from the connector 200 by pulling on the mating 
end 210M, disengaging the contact 210 from the substrate, 
and withdrawing the contact 210 from the connector body 
205. A new contact 210 may be inserted in its place. Each 
contact 210 may be removed without removing the connec 
tor 200 from the substrate. Thus the contacts 210 may be 
front loaded, providing for the connector 200 to be repaired 
after the connector is attached to a substrate and when it is 
1. SC. 

0062 FIGS. 9 and 10 are, respectively, a perspective and 
a side view of connectors 100, 200 connected orthogonally. 
The connectors 100, 200 may be shown as they would 
appear connected to a midplane located between connector 
200A and connector 200B. Such a midplane, however, is not 
shown for purposes of clarity. Connectors 100A, 100B are 
each disposed to connect to a substrate such as a printed 
circuit board. Thus the arrangement shown in FIG.9 may be 
used to connect parallel printed circuit boards. As used in the 
art, orthogonal generally refers to the orientation of the 
daughtercardboards with respect to the midplane and with 
respect to one another. As used herein, orthogonal can mean 
any transverse intersection of a contact tail and a board, the 
orientation of a housing with respect to a board, or the 
orientation of two mating boards. FIG. 9 is an exploded 
view, depicting the connectors 100, 200 being connected 
orthogonally through a midplane printed circuit board. 
Again, the midplane is not shown for purposes of clarity. 

0063 Vertical connectors are shown, and therefore 
daughtercard boards connected to respective connectors 
110A, 100B may not be orthogonal to one another or to the 
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midplane. However, if a right angle connector is substituted 
for the connector 100A, for example, the daughtercard 
boards may be orthogonal with respect to the midplane. If 
one daughtercard board is rotated 90 degrees, then the 
daughtercard boards may be orthogonal, i.e., the daughter 
card boards may be generally orthogonal to the midplane 
and to each other. 

0064 FIG. 10 shows the connectors 100, 200 connected 
orthogonally as they would appear connected to a midplane 
located between the connector 200A and the connector 
200B. The midplane is not shown for purposes of clarity. 
That is, the terminal ends 210T of the connectors 200 would 
be connected to a midplane Substrate in the embodiments 
shown in FIGS. 9 and 10 but a midplane is not shown for 
purposes of clarity. 

0065. A connector 100A may be connected to a connector 
200A. The connector 100A may be the connector 100 as 
described with regard to FIGS. 1-5C. The connector 200A 
may be the connector 200 as described with regard to FIGS. 
7-8B. The connector 100A may be oriented such that the 
contacts 110 within the lead frame assemblies 130 form 
linear arrays in a direction indicated by the arrow 1. Like 
wise, the linear arrays of contacts 210 of the connector 200A 
may be oriented in the direction indicated by the arrow 1. 
0066. The connector 200 may be connected to one side of 
a midplane (not shown). On an opposing side of the mid 
plane, the connector 200B may be attached. The connector 
200B may be the connector 200 described with regard to 
FIGS. 1-8B. The connector 200B may be connected to the 
connector 100B, which may be the connector 100 described 
with regard to FIGS. 1-5C. The lead frame assemblies 130 
of the connector 100B may extend in a direction perpen 
dicular to the direction indicated by the arrow 1. Likewise, 
the linear arrays of contacts 210 of the connector 200B may 
extend in a direction perpendicular to the direction indicated 
by the arrow 1. The connector 100B may be identical to the 
connector 100A and may be rotated 900 relative to the 
connector 100A. Likewise, the connector 200B may be 
identical to the connector 200A but may be rotated 90° 
relative to the connector 200A. In this way, a substrate 
connected to the mating ends 110M of respective connectors 
100A, 100B may be electrically connected to one another. 
0067. As shown in FIGS. 9 and 10, the connectors 100, 
200 may be connected through a midplane (not shown). The 
connectors 100, 200 may be devoid of any ground connec 
tion through ground contacts, shields, planes, or otherwise. 
The contact arrangement as described herein may provide 
for appropriate cross-talk, skew, and impedance matching. 
Various other contact configurations consistent with alter 
native embodiments of the invention are envisioned to 
likewise provide for appropriate cross-talk, skew, and 
impedance matching. 

What is claimed: 
1. An electrical connector comprising: 
a first contact comprising a first distal end; 
a second contact comprising a first distal end, wherein the 

first and second contacts define a linear array extending 
along a first direction; 

a third contact in a second linear array that is adjacent to 
the first linear array, the second linear array extending 
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along the first direction, the third contact comprising a 
first distal end that is offset along the first direction 
relative to the first distal end of the first contact, 
wherein the first and third contacts form a differential 
signal pair. 

2. The electrical connector of claim 1, wherein each of the 
first and second contacts are at least partially received in a 
first lead frame assembly, and wherein the third contact is at 
least partially received in a second lead frame assembly. 

3. The electrical connector of claim 2, wherein the second 
lead frame assembly is structurally identical to the first lead 
frame assembly and is oriented 180° about an imaginary axis 
that extends in a direction perpendicular to the first direction. 

4. The electrical connector of claim 2, wherein the second 
lead frame assembly abuts the first lead frame assembly. 

5. The electrical connector of claim 4, wherein the first 
lead frame assembly comprises an indentation and the 
second lead frame assembly comprises a protrusion, and 
wherein the protrusion is received in the indentation. 

6. The electrical connector of claim 5, wherein the pro 
trusion extends from the first lead frame assembly and abuts 
a substrate when the electrical connector is electrically 
connected to the Substrate. 

7. The electrical connector of claim 4, further comprising 
a third lead frame assembly adjacent to and spaced apart 
from the second lead frame assembly. 

8. The electrical connector of claim 1, wherein the con 
nector is devoid of a grounding plane. 

9. The electrical connector of claim 1, wherein the con 
nector is devoid of ground contacts. 

10. The electrical connector of claim 1, wherein each of 
the first, second, and third contacts comprise a second distal 
end and a body extending between respective first and 
second distal ends, wherein the body of the first contact and 
the body of the second contact define a first plane, and 
wherein the body of the first contact and the body of the third 
contact define a second plane that is perpendicular to the first 
plane. 

11. The electrical connector of claim 1, further compris 
1ng: 

a housing, wherein the first, second, and third contacts are 
received in the housing, and wherein the housing is 
disposed for flat rock tooling to connect the electric 
connector to a Substrate. 

12. An electrical connector, comprising: 
a first contact having a width and comprising, 

a first body portion extending a first distance greater 
than the width, the first body portion extending along 
a first direction, 

a mating member extending from the first body portion 
a second distance greater than the width, the mating 
member extending along a second direction that is 
perpendicular to the first direction, 

a second body portion extending a third distance 
greater than the width, the second body portion 
extending along a third direction, and 

a terminal member extending from the second body 
portion a fourth distance greater than the width, the 
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terminal member extending in a fourth direction that 
is perpendicular to the third direction. 

13. The electrical connector of claim 12, wherein the first 
direction and the third direction are the same. 

14. The electrical connector of claim 12, wherein the first 
contact further comprises a terminal end for connection with 
a Substrate, the terminal end extending from the terminal 
member in the first direction. 

15. The electrical connector of claim 12, wherein the first 
contact further comprises a mating end for mating with a 
contact of a second electrical connector, the mating end 
extending from the mating member in the third direction. 

16. The electrical connector of claim 15, wherein the 
mating end comprises a first mating portion and a second 
mating portion adjacent the first portion, the first and second 
mating portions extending in the third direction, wherein a 
gap is defined between the first and second mating portions. 

17. The electrical connector of claim 15, wherein the 
mating end is bent to provide a lead-in Surface for the 
contact of the second electrical connector. 

18. A system, comprising: 
a first electrical connector comprising, 

a first contact comprising a first distal end; 
a second contact comprising a first distal end, wherein 

the first and second contacts define a linear array 
extending along a first direction; 

a third contact in a second linear array that is adjacent 
to the first linear array, the second linear array 
extending along the first direction, the third contact 
comprising a first distal end that is offset along the 
first direction relative to the first distal end of the first 
contact, wherein the first and third contacts form a 
differential signal pair, and 

a second electrical connector comprising, 
a fourth contact electrically connected to the first 

contact; and 

a fifth contact electrically connected to the third con 
tact. 

19. The system of claim 18, wherein the second connector 
further comprises a connector body, wherein the fourth and 
fifth contacts are at least partially received in the connector 
body and the fourth contact is adapted to be removed from 
the connector body while the fifth contact remains connected 
to a Substrate. 

20. The system of claim 18, further comprising: 
a substrate comprising a first side and a second side 

opposite the first side, wherein the second connector is 
electrically connected to the first side of the substrate; 
and 

a third connector electrically connected to the second side 
of the Substrate, the third connector comprising a 
structure that is the same as the first connector, wherein 
the third connector is in a position that is oriented 90° 
relative to the first connector. 


